Wereport a patient with peripheral neuropathy caused by cisplatin for the treatment of testicular tumor. Routine studies of nerve conduction and somatosensory evoked potentials demonstrated large myelinated fiber neuropathy suggesting ganglioneuronopathy. Wealso performed a CO2laser evoked potential study, and found that small myelinated fibers, which are related to pain sensation, were well preserved in this patient. (Internal Medicine 36: 829-833, 1997) 
Introduction
Cisplatin is a chemotherapeutic agent widely used in the treatment of various types of cancers including testicular tumor. Cisplatin treatment is often associated with peripheral neuropathy, which predominantly affects the vibratory and proprioceptive sensations (1) . In contrast, pain sensation and motor nerve function are usually well preserved. Pathologically central and peripheral axonopathy in a distally accentuated manner as well as ganglioneuronopathy in the primary sensory neurons of the dorsal root ganglia has been demonstrated (1) (2) (3) (4) (5) . Large myelinated fibers related to vibratory and proprioceptive sensations are severely diminished, while small myelinated fibers for pain sensation are less affected. Moreover, pain-related somatosensory evoked potentials (SEPs) were generated by ascending signals mediated through small myelinated fibers, in contrast to conventional electrically stimulated SEPs for large myelinated fibers (6) (7) (8) . Pain-related and electrically stimulated SEPs were useful to evaluate physiological functions of sensory nerves in patients with peripheral neuropathies (7, 8) . In this study, we examined electrically stimulated and painrelated somatosensory evoked potentials (SEPs) in a patient with cisplatin neuropathy, showing well-preserved function of small myelinated fibers.
Case Report
A 2 1-year-old man developed difficulty in speech and weakness of the right extremities and face. Neurological examination revealed dysarthria and mild right-side hemiparesis with hyperactive tendon reflexes. He had no signs of peripheral neuropathy. Computed tomographic scanning (CT) revealed multiple brain tumors. The serum concentration of human chorionic gonadotropin (HCG)was markedly elevated over 8xlO4 mlU/ml, and the testicular tumor on the right side was diagnosed as a primary lesion for the brain tumors. Orchiectomy was performed, and followed by radiation therapy to the whole brain and chemotherapy with cisplatin. After 2 days of orchiectomy, cisplatin was administered in six sessions for 4 months with a cumulative dose of 1,162 mg (610 mg/m2). He noticed numbness and dysesthesia in the hands and feet 2 weeks after the sixth session of cisplatin administration; at that time the right-side weakness was improved and minimally present. Brain tumors had disappeared on the CT, and serum concentration of the HCGwas below the detection level. However, the dysesthesia progressed over the subsequent 3 months to involve the proximal parts of the extremities. Cisplatin was suspected as the causative agent for peripheral neuropathy. Onneurological examinations, sensory impairment was present in the extremities distal to the elbow and mid-thigh in a distally accentuated manner. Vibratory and joint position sensations were more severely reduced than superficial sensation. Pin-prick and cold sensations were rather accentuated. Muscle strength was minimally involved on the right side, but muscle atrophy was not present. Tendonreflexes were generally absent. Romberg' s test was not elevated. Protein and cell contents in the cerebrospinal fluid were normal. The antibody titer to Huantigens was not elevated, and anti-SS-A and anti-SS-B antibodies were negative.
At 4 months after the sixth session of cisplatin treatment, electrophysiological studies were performed on the left side, including routine peripheral motor and sensory nerve conduction studies, electrically stimulated and pain-related SEPs (9, 10) . Routine nerve conduction velocities were measured in the median, tibial and sural nerves. The study was approved by the HumanResearch Committee of Chuba National Hospital. The patient gave informed consent.
Electrically stimulated SEPs for the median nerve were recorded from the contralateral parietal scalp (C4f: 2 cm posterior to C4 of the international 10-20 system), the posterior neck at the level of the C5 spinous process (C5S) and Erb's point (Erb) against linked earlobes (A1+A2) by stimulating the median nerve at the wrist, elbow and axilla, and the SEPs evoked by the tibial nerve stimulation at the ankle and knee were obtained from the parietal scalp (Czf: 2 cm posterior to Cz) and the back at the levels of the T12 and L5 spinous processes (T12S and L5S). The reference electrodes were placed on linked earlobes (A1+A2) for Cz' , and at the level of the T10 and L3 spinous processes (T10S and L3S) for T12 and L5, respectively. Stimulation was applied at 3 and 2 Hzwith pulses of0.1 and 0.2 ms in duration, with an intensity of approximately 20% and 50%above the motor threshold for the median and tibial nerves, respectively. The filter was set at 20-3,000 Hz and a total of 500 responses were averaged and stored with an electromyograph (Nihon Koden MEM4 104). N20 in the cortical SEPs, N13 in the cervical SEPs, and the negative peak at Erb's point (N9) were analyzed in the median nerve SEPs. The amplitude of the negative peak from the preceding small positive peak at Erb's point was measured as the amplitude of N9. The difference in peak latencies between cortical N20 and cervical N13 was estimated as central sensory conduction time (CSCT) (1 1). The difference in latency ofN13 between stimuli at the wrist, elbow and axilla was estimated as sensory conduction velocity (SCV) from the wrist to elbow, and from the elbow to axilla. In the case of the tibial nerve SEPs, P36 in the cortical SEPs, N19 in the lumbar SEPs, and N16 at the lumbosacral roots of the cauda equina were analyzed. A specially designed CO2 laser stimulator (Nippon Infrared Industries Co. Ltd. Kawasaki) was used to elicit pain-related SEPs. The laser wavelength was 10.6 Jim, and the diameter of the irradiation beamwas approximately 2 mm.Stimulus intensities were set at 2 and 3 Wwith pulses of70 and 50 ms in duration, respectively, which induced a pain sensation in normal subjects. The dorsum of the hand and foot, elbow and knee were stimulated independently every 3 seconds, and the beam location was moved slightly between stimulations to prevent habituation, as previously reported (9, 10) . Pain-related SEPs were recorded from the vertex (Cz of the international 10-20 system) against linked earlobes (A1+A2). all interelectrode impedances were less than 5 kQ. The filter was set at 0.5-30 Hz and a total of20 responses were averaged. Thepositive-negative-positive triphasic components were usually recorded. Since the second positive peaks, which appeared at a latency of about 340 ms for the hand and 400 ms for the foot (designated as P340 and P400) were the largest and stable, these pain-related components were analyzed (6, 12) . The amplitude between the positive peak and the preceding negative peak was measured. The approximate conduction velocity of the fibers for pain sensation was calculated from the difference of peak latencies and the distance between the hand and elbow, and of the distance between the foot and knee (13).
Sensory nerve action potentials were absent in the median and sural nerves, and motor nerve conduction velocity (MCV) and amplitude of the maximum compoundmuscle action potentials were normal in the median and tibial nerves ( Table  1) . SEPs with the median nerve stimulation at the wrist were detected in the cervical record, but neither at Erb' s point nor in the cortical record (Table 1 and Fig. 1 ). Whenthe median nerve was stimulated at the elbow, Erb's N9 and cervical N13 were elicited, and their latencies were normal. All these potentials were recorded with normal latency by the stimulation at the axilla. The amplitude of N9 was much larger with stimulation at the axilla as compared with that at the elbow. The estimated Normal limits are shown for each value just after the patient's data, which were estimated from 10 normal control subjects as the mean3SDfor conduction velocity and the mean +3SDfor conduction time.
Pain SEPs in Cisplatin Neuropathy igure 1. Electrically stimulated and pain-related SEPs. A) Median nerve SEPs. The median nerve was stimulated at the wrist, elbow and axilla. Cortical N20 was recorded only by the axilla-stimulation, and Erb's N9 was recorded by the elbow-and axillastimulations, although cervical N13 was elicited at all sites (arrowheads). B) Tibial nerve SEPs. The tibial nerve was stimulated at the ankle and knee. No cortical SEPs were recorded at any sites and the lumbosacral N16 and lumbar N19 were recorded only when the nerve was stimulated at the knee (arrowheads). C) Pain-related SEPs. Hand and elbow, and foot and knee were stimulated in the upper and lower limbs, respectively. The upper trace is a superimposition of3 averages, and the lower one is their summedaveraged wave form. Shown are P340 in the upper limb and P400 in lower limb (arrowheads). Note the difference in sweep time between electrically stimulated and pain-related SEPs. C4f and Cz': 2 cm posterior to C4 and to Cz of the international 10-20 system, respectively; C5S, T10S, T12S, L3S and L5S: spinous processes of the C5, T10, T12, L3 and L5; A1+A2: linked earlobes.
SCVby the cervical N13 between the wrist and elbow and that between the elbow and axilla were normal. The tibial nerve stimulation at the ankle showed no evoked potentials at any records. The lumbosacral N16 and lumbar N19 were elicited with stimulation at the knee, although the cortical P36 was not evoked. Pain-related SEPs were recorded by the hand and elbow stimulations, and also by the foot and knee stimulations ( Table 1 andFig. 1). The latency ofP340 andP400 was normal. The estimated conduction velocities from pain-related SEPs were within normal limits both in the upper and lower extremities.
Discussion
In the present study, sensory nerve action potentials were not evoked in the routine nerve conduction study and no SEPs were recorded from Erb' s point or the cortex whenthe median nerve was stimulated at the wrist. However, the SEPs were elicited from Erb's point, whenthe median nerve was stimulated at more proximal portions. Moreover, there was a large difference in the N9 amplitude between the elbow and axilla stimulations. The cortical SEPs were recorded only when the median nerve was stimulated at the most proximal portion. The lumbosacral and lumbar SEPs were also elicited only when the tibial nerve was stimulated at the proximal portion, although no cortical SEPs were detected. It is knownthat SEPs are amplified in the CNSand if the central rami of the primary sensory neurons are intact, cortical SEPs can be recorded by the proximal stimulation of the nerves. Furthermore, the cortical SEPs were unlikely affected by the brain metastatic tumor, since we carried out the electrophysiological studies whenthe brain tumor was disappearing.
The findings of electrically stimulated SEPs indicate that the large myelinated sensory fibers were centrally and peripherally involved in this patient, and the involvement was more prominent in the distal portion in the peripheral nerve, as described previously in the idiopathic and Sjogren' s syndrome associated ataxic neuropathies (14). This finding is in agreement with the reported pathological conditions of sensory ganglionitis and central-peripheral distal axonopathy in cisplatin neuropathy (1) (2) (3) (4) (5) . Distally accentuated axonopathy was not verified by electrophysiological assessment in one report (15), but some patients including the present case show that the involvement is more severe in the leg than in the arm or trunk, and it is more severe in the distal extremities, suggesting the presence of length-dependent distal axonopathy. These differences in symptommanifestation are related to the cumulative dose and administration schedule ofcisplatin for each patient (5, 15, 1 6).
In contrast to electrically stimulated SEPs, pain-related SEPs were normally recorded with normal latency by hand and foot stimulation. The conduction velocities estimated from pain-related SEPswere not reduced. Pain-related SEPswere reported to reflect densities of small myelinated fibers as well as an impairment of pain sense (7, 8) . Pain-related SEPs of the foot were not recorded even in a patient with a slight loss of small myelinated fibers of the sural nerve (7). Taken together, these SEP findings indicate that the small myelinated fibers are well preserved and the large myelinated fibers are more vulnerable to cisplatin treatment than the small fibers. Major pathological changes of cisplatin-induced sensory neuropathy exist in the dorsal root ganglia with neuronal degeneration and loss, and residual satellite cell nodules (1, 2) . Large myelinated fibers corresponding to the large primary sensory neurons are diminished in the peripheral nerves as well as in the central rami, while the small myelinated and unmyelinated fibers are fairly well preserved. In patients with severe symptoms, involvement of small sensory and motor fibers has been described (16). The present patient was not apparently ataxic with mild Romberg' s sign, although vibratory sensation was severely diminished and tendon reflexes were absent. The relatively low cumulative dose of cisplatin maylead to mild sensory neuropathy with well-preserved small fiber function specific for large sensory neurons in large fiber type sensory neuropathy.
